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Introduction
Trifluoromethyl sulfur pentafluoride, CF 3 SF 5 , is a polyatomic molecule detected in the terrestrial atmosphere in 1999. The molecule has the highest global warming potential of ≅22000 and is estimated to live in the atmosphere on the order of 1000 years by measuring infrared absorption [1] . Photoabsorption data are the most essential for understanding photochemistry of CF 3 SF 5 in the atmosphere. Total photoabsorption cross sections were measured in the 4−26 eV region by means of photoabsorption [2] [3] [4] [5] [6] and electron energy loss spectroscopy [6, 7] . The onset of photoabsorption is around 6 eV and then the cross section increases up to ≅120 Mb at 23 eV with several strong peaks [2, [5] [6] [7] . Fragment ion with the lowest appearance energy has been reported to be CF 3 + at 12.92 ± 0.18 eV [8] . measured by angle-resolved photoelectron spectroscopy at photon energy of 684.7 eV, being just before the F K-edge absorption. Details of photoabsorption cross sections and decay pathways for the C, F and S core-excited CF 3 SF 5 were already reported in previous publications［ 9, 10]. Photoelectron spectroscopy measured at high photon energy has advantage for characterization of valence molecular orbitals (MOs) though the photoabsorption cross section is small: Kinetic energies of photoelectrons released from valence MOs are high and lie close, and thus detection efficiency of the electrons is hardly affected by the kinetic energies. Photoexcitation by high photon energy is free from resonance excitation of a valence electron to give electron emission. Consequently peak intensity of photoelectron with high kinetic energy is proportional to the number of electrons in a valence MO. We think that the IE values for CF 3 SF 5 obtained by the present method different from the previous ones [6, 8] are useful to evaluate them more reliably.
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Experimental and MO calculations
The light source was synchrotron radiation (SR) from a high resolution monochromator with varied-line-space plane gratings at the c-branch of the soft X-ray photochemistry beamline BL27SU of the SPring-8 facility [11] . Three gratings were installed in the monochromator to cover photon energies of 180−2800 eV. The dispersed photon flux was monitored by measuring the drain current of the post-focusing mirror coated by gold. The radiation from a Figure-8 undulator was linearly polarized either in the plane of the electron storage ring (the 1st order harmonic) or in the plane perpendicular to the ring (the 0.5-th order harmonic) [12] . Experimental setup for measuring photoelectron spectra was described in a previous paper [13] . In brief, an electron energy analyzer of Gammadata Scienta SES-2002 was used for the angle-resolved electron emission measurements by changing the undulator gap from the 1st order to the 0.5-th order harmonic without rotating the electron energy analyzer. Energy scale of the electron spectrometer was calibrated by measuring the
Auger electron emissions from xenon [14] . The resolution of the energy analyzer was set to 300 meV, and that for the exciting photon was 150 meV.
Commercial sample of CF 3 SF 5 with a stated purity of >99% (SynQuest Lab.) was used without further purification. The base pressure of the electron energy analyzer was lower than 1 × 10 -7 Pa, and the sample pressure was kept at ≅7 × 10 -4 Pa during experiments.
Ab initio self-consistent field calculations were carried out for valence molecular orbitals with the Gaussian 03 program [15] . The basis set used in the present calculation was 6-311G*.
Results and discussion
Photoelectron spectrum (PES) at photon energy of 684.7 eV is shown in Fig. 1 where the scales of x-axis are given by kinetic energy at the top and by ionization energy in the bottom.
Panel a shows the PES measured by detecting photoelectrons emitted into the direction parallel to the electric vector of SR (the 1st order harmonic and denoted by 0°-spectrum hereafter) and panel b does that at the 0.5-th order harmonic (90°-spectrum). The 0°-and 90°-spectra were normalized by the photon flux monitored. The experimental data are given by thick dots. Thin solid curves in the 0°-spectrum are the peaks deconvoluted by a least-squares curve fitting with the Voigt functions, and the thick one is the best fitted curve.
The peaks with kinetic energies of 657−671 eV shifted in parallel with an increase in the exciting photon energy, and then we assigned them to valence photoelectrons. The baseline
given by a dotted line in the panel a originates in molecular Auger electrons with kinetic energies of 650−660 eV. Panel c is the asymmetry parameter (β), being deduced by use of the experimental intensities I(0) and I(90) in the 0°-and 90°-spectra, respectively:
When photoelectrons are ejected into isotropic directions or I(0) = I(90) in Eq. 1, we get β = 0.
For a limiting case of I(0) = 0, the asymmetry parameter is β = −1, and for I(90) = 0 it is β = 2.
The former case means that electrons are ejected into the direction perpendicular to the linear electronic vector of SR and the latter does that electrons are released into the parallel direction.
The panel c giving 0≤ β <2 suggests that the photoelectrons from valence MOs are preferentially released into the parallel direction and the molecular Auger electrons are isotropically ejected. Table 1 gives the peak maxima or IEs in the 0°-spectra, the relative peak intensities, the β value obtained by Eq. 1, and the previously published IE levels [6, 8] . The calculated IEs, the symmetry of MO and the main character given in the sixth to eighth columns were elucidated by means of the ab initio calculations with the Gaussian 03 program [15] . The lowest 14.00 eV is the IE for the HOMO of 32a', forming a bonding σ CS occupied by two electrons.
Uncertainty for the IEs in the present experimental conditions was estimated to be ±0.05 eV.
The IE levels measured by three independent experiments are in good agreement up to 20 eV except the IEs of 14.699, 16.147 and 17.199 eV reported in the HeI PES [6] . These peaks are shoulders exposed by a peak fitting with the Gaussian functions [6] . When we tried to deconvolute the 0°-spectrum in Fig. 1 
where P 2 (cosθ) = (1/2)(3cos [8, 17] . Ionization energies for the optimized geometry based on the Koopmans' theorem are given in the sixth column of the sake of convenience in understanding of the MO characters.
The asymmetry parameters in the third column of Table 1 b Relative peak area corrected for the β value. Number of electrons is given in the parentheses.
c Values in the parentheses are the IEs for shoulder peaks exposed by a curve fitting with the Gaussian functions [6] . 
